Forest Canopy Density (FCD) is defined as one of the key parameters to assess the ecological condition of a forest. The Present study deals with estimating the change in forest canopy density using remote sensing techniques for last decade i.e., from 2008 to 2018 of the West Singhbhum District. Biophysical models like Advanced Vegetation Index (AVI), Bare Soil Index (BI) and Canopy Shadow Index (SI) are overlaid to achieve the FCD for two time periods with an overall accuracy of 86% in 2008 and 82% in 2018. The final FCD is classified into five classes namely High forest, Moderate forest, Low forest, Wasteland, Bare land and it is evaluated how the High and Moderate forest is converting into Wastelands and Bare lands. The focus of this study is to assess the change in vegetation cover using NDVI and to predict the NDVI for year 2028 by generating linear regression model which has shown a coefficient of correlation of 0.617. The derived results showed that how the high forest cover density is degrading in West Singhbhum and wastelands and bare lands are increasing linearly while this study showed the pattern of change in NDVI and predicted its scenario after one decade 
Introduction
Forests are one of the world's most essential resources which presently intervened by humans that affects the ecological status of forest (Nandy et al., 2003) . Forest Cover Density (FCD) is defined as the proportion of the coverage of forest floor by the vertical projection of peak of the tree and it is also known as crown coverage or canopy coverage of any area (Jenning et al., 1999 and Loi et al., 2017) . Mapping, monitoring, and management of FCD is very critical for the sustainability of natural and ecological resources. Presently, the natural as well as anthropogenic factors are affecting the forest cover and that is affecting the FCD which causes the alteration of dense forests into moderately dense or fragmented forests. FCD modelling is carried out using a set of biophysical parameters namely, Advanced Vegetation Index (AVI), Bare Soil Index (BI), Canopy Shadow Index (SI) (Rikimaru et al., 2002 and Roy et al., 1997) . Classification scheme of Forest Survey of India (FSI) is applied in present study which classifies the forest canopy into five classes, that are dense forest cover for canopy coverage more than 70%, between 40% -70% for moderate forest cover, between 10% -40% is termed as low or open forest cover while canopy density lesser than 10% are called scrubland and others are classified as bare lands (FSI, http://fsi.nic.in/details.php? pgID=sb_8) . Satellite based Remote Sensing provides a synoptic approach for monitoring the land use land cover features on a temporal basis and it is playing an important role in assessing the forest cover changes. (Lillesand et al., 1994) . The ability of satellite imageries to provide an accurate information about the local, regional as well as the global land use and land cover is endorsed in many recent studies (Kanga et al., 2014 and Ranjan et al., 2016) . Atmospheric corrections are usually applied to every satellite imagery to eliminate the atmospheric interferences like scattering and absorption phenomenon in the atmosphere by aerosols, water droplets and other atmospheric molecules on satellite data. Atmospheric correction used primarily to calculate the vegetation indices like NDVI which uses reflectance of red and near infrared bands (Xie et al., 2010) . Linear Regression is also one of the tool in remote sensing which is broadly used to establish a relation between two variables by fitting a linear equation in which one variable is dependent variable and another is independent variable. Linear Regression is commonly used for the prediction with the established linear relation between past datasets. Normalized Differential Vegetation Index (NDVI) is one of the crucial vegetation index which is widely used to measure vegetation health over an area. NDVI is used to assess the change in vegetation at a very high temporal resolution over regional as well the global platform. It is calculated as a ratio of difference in reflectance of Red and Near Infrared bands and sum of Red and Near Infrared bands (Nageswara et al., 2005) . NDVI values varies between -1 to +1 where the negative values shows bare soil, wasteland, snow and waterbody and the positive value indicated the vegetation covers like sparse vegetation, cropland, open forest and dense forest. In present study, NDVI is calculated and classified into five classes for better precision. Likewise, Shilong (2003) analyzed the inter annual variation in NDVI and their relationship between climatic variables in which the NDVI is classified into six classes to show the trends of NDVI in recent past and the impacts of urbanization and agricultural practices on vegetation cover (Piao et al., 2003) . Whereas Meera (2015) used threshold values for the NDVI such as 0. 1, 0.15, 0.2, 0.25, 0.3, 0.35, 0.4 and 0.5 and concluded that vegetation analysis are helpful for the policymakers and to male predictions to figure out the future scenarios as well (Gandhi et al., 2015) . Forest cover is decreasing throughout the globe due to various natural and anthropogenic activities, in which geospatial technology plays a very crucial role in monitoring the forest cover. The present investigation is an attempt to show the trend of forest canopy change in West Singhbhum and to establish a relation between the land cover features like wastelands and bare lands. The role of remote sensing and GIS is also defined to study the alteration in ground based features like vegetation, land cover classification, topography, water resources and urban area (Gandhi et al., 2015 The study area is mostly covered with deep forest, mountains, steep slopes, waterfalls and this area is also known worldwide for its best quality of Sal forests. Elephants, tigers, bear, wild dogs are local fauna of this region. West Singhbhum contains one of the largest iron ore deposits in India. The climatic conditions in this region are very pleasing and the annual average rainfall in this district is approximately 1422 mm. This district contains 10.4% of its total area as protected forest and has three main soil groups as rocky soil which is found in southern and western part of district, black soil is found in the wetlands of Kolhan whereas the red soil is found throughout the district (Ground Water Information Booklet,
Fig.1: Study Area
Materials and Methods Data and Software Used: Present investigation is done to investigate the FCD for last one decades of the study area, for which two Landsat images were acquired for the year 2008 and 2018 from United States Geological Survey (USGS) (United State Geological Survey, http://glovis.usgs.gov/). Topographic sheets of the study area is acquired from India and Pakistan AMS topographic sheets at a scale of 1:50,000 (India and Pakistan AMS topographic maps. http://www.lib.utexas.edu/ map.ams/india/nf-45-01). All the images that were acquired are cloud free and having UTM WGS84 projection system. Image preprocessing is done in ERDAS IMAGINE and image analysis and raster calculations are performed using ArcMap software. Image Normalization: Image normalization is done to remove the distortion caused by variation in sun's azimuth, sensor's response, and atmospheric conditions (Banerjee et al., 2014) . It is a pre-processing technique which rectifies the distortions in the reflectance of surface features and makes the image organized for analysis purposes. Normalization can be performed in two different ways, absolute and relative normalization. In absolute normalization, they rectify the bias caused by the physical environment but in relative normalization, a reference image is used to rectify the other images, it is widely used to analyze the land use land cover changes and the vegetation indices (Vorovencii et al., 2014) . DN to Radiance Conversion: The Rate of transfer of energy at the sensor, per square meter on ground, for a unit solid angle per unit wavelength, is known as a spectral radiance and the term radiance refers to the total radiation upwelling from the earth to the sensor. DN is converted to the Radiance by considering some rescaling factors which are obtained from the metadata of satellite imagery. DN to Radiance is converted using Equation 1. 
Advanced Vegetation Index (AVI):
AVI is calculated to assess the status of vegetation in the forest and delineate the subtle changes in canopy density which cannot be assessed by NDVI. Both the NDVI and AVI are calculated using red and near Infrared bands but the power degree in AVI increase its sensitivity towards forest canopy. Generally, AVI highlights the high forest canopy and the grasslands of any region and shows lower values to bare lands. If the value of near infrared is less than the red band then the value of AVI = 0, otherwise Equation 3 is used to calculate AVI.
Where B4 = Near Infrared Band B3 = Red Band Bare Soil Index (BI): BI is calculated to categorize agricultural and non-agricultural vegetation for a given area. It is computed using shortwave infrared band which enhances the bare soil property of a land and red and infrared bands includes the vegetation property to the index (Duy et al., 2012) . BI shows a higher value to the bare lands and lower values to the vegetation and forest covers. By combining bare soil condition and vegetation properties, we can assess the exposed soil conditions. Mathematically, it is calculated by using Equation 4.
BI = {(B5 + B3) -(B4 + B1)} / {(B5 + B3) -(B4 + B1)} * 100 + 100
(4) Where B1 = Blue Band B5 = Shortwave Infrared Band Canopy Shadow Index (SI): SI is computed using the low radiance of visible bands to extract the three dimensional structures of the forest. It depends on the arrangement of trees in the forest, and the younger plants have low radiance than mature trees (Pandian et al., 2016) . Because SI depends on the arrangement of trees and canopy cover, it shows higher values to the forest canopy and lesser value to bare lands and grasslands. Visible bands are used to define the shadow index using Equation 5. SI = ((256-B1) * (256-B2) * (256-B3)) 1/3 (5) The value of SI increases with the increasing value of FCD because when FCD increase with the increase in crown cover and denser crown cover generate higher SI value. Forest Canopy Density (FCD): FCD is one of the essential parameters for examining the forest cover conditions and to monitor the transformation in forest during forestry activities that may include the degradation or rehabilitation of procedure for FCD calculation by assigning weights to the calculated biophysical factors that are AVI, BI and SI for the FCD calculation. FCD is calculated for the forest region. The flowchart in Figure 2 shows the year 2008 and 2018 to see the changes in forest canopy cover for last one decade. Satellite image for both the years are radiometrically calibrated and then the indices were calculated using the respective equations and lastly weight is assigned to each index to get the result. It has been classified into five classes namely high forest, moderate forest, low forest, grassland and bare lands and the areas have been calculated to see the change in FCD between 2008 and 2018 . To analyze the quantitative variation in different FCD classes and to see the exact change in forest cover density, area calculation is done for each features class in raster calculator using ArcGIS.
Fig.2: Flowchart for FCD Calculation
Normalized Differential Vegetation Index (NDVI): NDVI is one of the common and most widely used vegetation index for estimating global as well as regional variations in vegetation cover (Bhandari et al., 2012) . NDVI is calculated by the ratio of difference in the near-infrared band and red band by the sum of the near-infrared and red band (Richardson et al., 1992) , as shown in Equation 6.
The value of NDVI lies between -1 to +1 in which the positive value indicates the vegetation cover and negative values shows barren lands, snow, rocks, sand etc. Linear Regression Model: Linear Regression is widely used to establish a relation between two variables. It takes one variable, checks its variation with another variable and gives a linear equation to exhibit relationship (Palmate et al., 2017) . In present study, linear regression is performed using curve fitting tool in MATLAB software to establish a relation between the NDVI of 2008 and 2018. Through the generated linear regression equation, the prediction for NDVI of 2028 is done in raster calculator of ArcGIS software. Result and Discussion Biophysical Parameters: Biophysical parameters like AVI, SI, and BI is calculated for year 2008 and 2018 of the study area. In this analysis, each biophysical element is classified into five classes according to their values namely very low, low, moderate, high and very high. It has been observed that the higher values of BI show the bare lands of the regions whereas the lower values show the forest cover and grasslands. . In AVI the conditions are very different from BI, here the higher value demarcates the dense forest cover and grasslands beside the bare lands are shown by the lower matrix is prepared using classified FCD and pre classified satellite imagery (Banko et al., 1998 and Ranjan et al., 2017) . Confusion matrix is prepared by selecting on screen 10 random pixels from the satellite image for each class by following the interpretation rules. It is obtained from the accuracy assessment that, in FCD of 2008, the overall accuracy is 86% and kappa coefficient is 0.825 whereas in FCD of 2018, the overall accuracy is found to be 84% and kappa coefficient is 0.8. The confusion matrix for FCD of year 2008 and 2018 are displayed in Table 2 and Table 3 respectively. 
Conclusion
In this study, the analysis is done to understand the changes in forest canopy density from 2008 to 2018 using three biophysical parameters namely AVI, SI and BI. The result illustrates that the forest cover density of the study area is drastically decreasing and the forest covers are converting into grasslands or bare lands. Furthermore, to demonstrate the variation in vegetation cover, NDVI for two time periods are calculated and it has been qualitatively concluded that the vegetation cover has changed extremely in past decade. A prediction of NDVI is made for the year 2028 using linear regression with a R2 value of 0.617 that has shown an extreme change in forest cover of the present study area. Lastly, it is concluded that Geoinformatics Technology has a wide aspect in calculating the recent changes in regional as well as global forest cover and to pre- 
